Neosporal abortion in Oklahoma cattle with emphasis on the distribution of brain lesions in aborted fetuses
third abortion in one season 0 to 8 abortions/wk fifth abortion in 70 days eighth abortion in 60 days first abortion in herd second abortion in 30 days 75-100 10,000 80 100 36 [75] [76] [77] [78] [79] [80] Abortion in cattle due to fetal infection with a Neospora species protozoan is well documented around the world. 5 In the United States, cattle abortion due to this organism was first described for dairy cattle in New Mexico in 1989. 12 The disease has become a major cause of abortions in California dairy cattle, and a survey based on diagnostic laboratory submissions identified the disease in 32 states in the USA. 1, 13 Case reports from several geographic regions in the USA have confirmed that the disease is more widespread in dairy cattle, but it also occurs in beef animals. 3, 6, 8, 10, 11, 14 Transplacental transmission is currently the only known route of infection, but a vertebrate definitive host is suspected. 5 The fetal lesions of bovine neosporosis have been described in previous reports. [2] [3] [4] 6, 8, [10] [11] [12] 14 It is believed there is a preliminary placentitis from which the organism is distributed through the blood to fetal tissues. In field cases of neosporal abortion, the organism has been identified in brain, spinal cord, striated muscle, liver, kidney, lung, adrenal gland, and adipose tissue, and it is associated with either granulomatous or nonsuppurative inflammation.
Since late 1995, a small number of cases of neosporal abortion have been positively identified in Oklahoma cattle. In cases in which the entire fetus was submitted to the Oklahoma Animal Disease Diagnostic Laboratory for examination, microscopic lesions were similar to those reported by others, with the brain being the most commonly affected organ. However, all areas of the brain were not uniformly affected, and the current literature does not detail the specific distribution of brain lesions. 5 The purpose of this report is to document the occurrence of neosporosis in Oklahoma cattle and to describe the distribution of brain lesions in these diseased bovine fetuses.
Six cases of bovine neosporal abortion in which the complete fetus was submitted for diagnostic examination were reviewed from medical records at the Oklahoma Animal Disease Diagnostic Laboratory. Diagnosis of neosporal abortion was based on the presence of typical histological lesions for fetal neosporosis and the identification of tachyzoites and tissue cysts in lesions by immunohistochemistry with anti-Neospora antiserum. Moreover, bacteriologic and viral isolation procedures failed to identify any significant agents that may produce similar histological lesions, and serological profiles for infectious bovine rhinotracheitis virus, Brucella abortus, bovine virus diarrhea virus, and 6 serovars of Leptospira spp. were negative.
Representative samples of lung, heart, liver, kidney, spleen, and abomasum from each fetus were fixed in 10% buffered formalin. The entire brain was placed in either 10% or 30% buffered formalin. In this series of cases, spinal cords were not removed and examined. All tissues were routinely processed for paraffin embedding, sectioned at 4-5 m, and stained with hematoxylin and eosin (HE). Placenta was not included with any of the submissions.
Brains were trimmed to identify the following major anatomical areas: motor cortex including cerebral gray and white matter (at precruciate gyrus), diencephalon including ventrolateral and rostral thalamus with internal capsule (at tuber cinerium), mesencephalon (at rostral colliculus), rostral medulla oblongata and cerebellum (at pons), and caudal medulla oblongata (at decussation of the pyramids).
Immunohistochemistry was done with a semiautomated capillary system. a Tissue treatment for antigen retrieval was done by incubating slides at 15 psi for 9 minutes. Primary antibody was a polyclonal goat anti-Neospora caninum antibody b and was used at a dilution of 1:3,000 for 45 minutes. The secondary antibody was biotinylated rabbit anti-goat IgG at a 1:500 dilution and was applied to tissue sections for 30 minutes. The chromogen was aminoethylcarbazole (AEC). The positive control consisted of canine heart muscle containing N. caninum tachyzoites. The primary antibody was also tested for specificity against other protozoa: Toxoplasma gondii (feline hepatitis), Sarcocystis cruzi (bovine heart), and Sarcocystis neurona (equine protozoal myelitis).
The frequency and distribution of brain lesions from each of the 6 cases were classified as ordinal data according to the previously described major anatomical areas of the brain. Because of the small number of cases and the use of an ordinal scale to measure results, nonparametric statistical tests were used to evaluate results for significant differences in brain lesion distributions. c A Friedman test for multiple related samples was used to compare the distributions of the lesions for 6 different brain regions to determine if any of these regions had a significantly different frequency of lesions compared with other areas of the brain. Wilcoxon's signed-rank tests for 2 related samples were used to evaluate all of the possible pairwise comparisons between these brain regions for significant differences.
Data pertaining to the signalments and clinical histories 
* Significantly more lesions were found in the cerebrum than in the medulla oblongata or the cerebellum (P ϭ 0.03). Number of foci of inflammation per 22-mm scanning field in designated brain sections: Ϫ ϭ no lesions; ϩ ϭ minimal lesions with 1-3 foci; ϩϩ ϭ moderate lesions with 4-6 foci; ϩϩϩ ϭ marked lesions with 7-9 foci; ϩϩϩϩ ϭ severe lesions with 10 or more foci. are listed in Table 1 . Two cases occurred in beef cattle on range pasture (Angus), whereas 4 occurred in Holstein cows in dairy operations. Abortions occurred between 3-7 months gestation as determined by breeding records or crown-torump measurements of the fetuses. All cases, except for case 5, came from herds that had experienced multiple abortions during the calving season.
All fetuses were presented in an advanced state of postmortem decomposition. Gross and microscopic findings are listed in Table 2 . In 3 cases (1, 3, and 4), fetuses had excessive amounts of serosanguineous fluid in the abdominal and thoracic cavities. In 2 of these cases (3 and 4), fetuses also had moderate to marked accumulations of red, gelatinous fluid in the subcutis. No other gross lesions were detected.
Microscopically, a multifocal lymphocytic-histiocytic encephalitis was present in all 6 fetuses ( Fig. 1) . Myocarditis was the next most frequent lesion (5 fetuses). Hepatitis and nephritis were detected in one fetus each. As in the brain, lesions in the heart, liver, and kidney were typically lymphocytic-histiocytic and had a multifocal-to-coalescing pattern of distribution.
The anatomical distribution of lesions in the brain is summarized in Table 3 . The cerebral gray matter had the most lesions, followed by the diencephalon, mesencephalon, cerebellum, and medulla oblongata (in order of decreasing frequency). The cerebrum had a significantly greater frequency of lesions than did the medulla oblongata and cerebellum (P ϭ 0.03). There was also a tendency for the cortex to have more lesions than the middle-to-upper brainstem (diencephalon and mesencephalon), but this was not significant (P ϭ 0.13). Lesions were multifocal and usually located around or immediately adjacent to small arteries. In addition to the accumulation of lymphocytes in and around lesions, there were also increased numbers of macrophages. Foci of inflammation in the neuropil apart from vessels had central necrosis that was surrounded by mononuclear leukocytes and macrophages. No lesions were found in the meninges.
Immunohistochemical staining consistently identified free tachyzoites as well as Neospora tissue cysts in the brain (Fig.  2) . The organisms stained bright red and were primarily identified in and adjacent to inflammatory and necrotizing lesions. Tissue cysts apart from lesions were found infrequently. Organisms were rarely found in heart, liver, and kidney, although the magnitude of inflammation was moderate to marked in these organs. Other protozoal organisms stained with the anti-neosporal antiserum gave either negative (S. cruzi and S. neurona) or weakly positive (T. gondii) reactions (pale pink).
This retrospective study describes the pathology of bovine fetal neosporosis in dairy and beef cattle in Oklahoma and includes a more thorough description of the distribution of lesions in the brain. To the authors' knowledge, the latter data have not been reported. In addition, these are the first confirmed cases of bovine neosporal abortions in Oklahoma. A previous report on the incidence of bovine neosporosis in the United States based on veterinary diagnostic laboratory submissions indicated that the disease occurred in Oklahoma. 13 This was based on a single case of neosporal placentitis in a beef cow. That cow, however, actually came from western Arkansas, not from Oklahoma.
The diagnosis of fetal neosporosis in this report was based on the finding of typical tissue lesions and the detection of Neospora in those lesions by immunohistochemistry as previously described. [2] [3] [4] 6, 8, [10] [11] [12] 14 The major organs involved were the brain and heart, with minor involvement of the liver and kidney. Neospora was present as individual tachyzoites or tissue cysts. Free tachyzoites were more commonly associated with inflammatory lesions, while intact cysts often appeared innocuously in the brain parenchyma. It was not unusual to find organisms adjacent to small cerebral blood vessels with perivascular inflammatory cell cuffs. Neospora typically elicits an inflammatory response that consists primarily of macrophages and lymphocytes, with few neutrophils. Necrosis of the neuropil is a prominent feature in fetuses with neosporosis. However, necrosis can also be prom-inent, although perhaps not as readily recognized, in other tissues, including heart, liver, kidney, and placenta. The bovine fetuses in this report consistently had lesions in the brain, in agreement with the findings of others. 2, 3, 6, 8, 14 These microscopic lesions are highly indicative of a protozoal infection, which, in cattle, would suggest either Neospora or Sarcocystis spp. In this study, Neospora organisms were most abundant in the brain. However, lesions were not uniform throughout the brain; they were most frequent in the cerebrum and less common moving caudally through the brain stem, with the cerebellum being least affected. Although there is abundant documentation of the occurrence and histologic character of brain lesions in fetal neosporosis, there is nothing in the literature about the distribution and frequency of the neural lesions. 2, 4, 6, 8, [10] [11] [12] 14 This may be because no pattern was previously noticed, but our results would indicate that lesions in fetuses aborted at 4-7 months' gestation are more prominent in the cerebral gray matter and rostral brain stem. It is not known if the pattern of brain lesions seen in this series of 6 cases is the same for older bovine fetuses or neonatal calves infected with Neospora. Further studies that include larger populations of bovine fetuses at varying ages are needed to fully characterize the neural lesions of fetal neosporosis.
Heart muscle was the second most commonly affected organ in these 6 cases. Inflammation was prominent in the myocardial interstitium, but tachyzoites and cysts were rare to absent. These lesions are highly suggestive of a protozoal agent. A differential diagnosis of the myocardial lesions would include agents like bovine virus diarrhea virus, Listeria, and Yersinia that may produce lymphocytic-histiocytic inflammatory cell infiltrates in the heart. 7 However, these agents have not been shown to have the the multisystemic lesions, especially in the brain, that have been associated with protozoal agents like Neospora and Sarcocystis. Specific viral and bacterial culture methods are normally sufficient to rule out these nonprotozoal agents. In the aborted fetus with microscopic lesions compatible with neosporosis and negative viral and bacterial cultures, serologic testing of paired sera samples from the dam may be helpful. 9 The discrepancy in numbers of Neospora organisms detected in the heart versus the brain seen in this study again underscores the importance of the brain as a diagnostic specimen for bovine fetal neosporosis. 
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